Abstract Objective: To evaluate whether classification of patients as having low, moderate, or high stress based on clinical parameters is associated with plasma levels of stress hormone Design and setting: Prospective, blinded, observational study in an 18-bed medical ICU. Patients: Eighty-eight consecutive patients Interventions: Patients were classified as low (n=28), moderate (n=33) or high stress (n=27) on days 0 and 3 of ICU stay, based on 1 point for each abnormal parameter: body temperature, heart rate, systemic arterial pressure, respiratory rate, physical agitation, presence of infection and catecholamine administration. The stress categories were: high: 4 points or more, moderate 2-3 points, low 1 point. Plasma growth hormone (GH), insulin-like growth factor 1 (IGF-1), insulin, glucagon, cortisol were measured on days 0 and 3. Measurements and results: Plasma cortisol and glucagon were significantly higher and IGF-1 lower in high vs. low stress patients on days 0 and 3. High stress patients were more likely to have high cortisol levels (odds ratio 5.8, confidence interval 1.8-18.9), high glucagon (8.7, 2.1-36.1), and low IGF-1 levels (5.9, 1.8-19.0) than low stress patients on day 0. Moderate stress patients were also more likely to have high cortisol and glucagon levels than low stress patients. Insulin and GH did not differ significantly. Results were similar for day 3. Conclusions: Moderate and severe stress was significantly associated with high catabolic (cortisol, glucagon) and low anabolic (IGF-1) hormone levels. The hormonal stress level in ICU patients can be estimated from simple clinical parameters during routine clinical evaluation.
Introduction
Many intensive care unit (ICU) patients present with hypermetabolism and catabolic stress state which leads to major endogenous protein breakdown and is associated with respiratory and nonrespiratory muscle wasting [1] . Muscle mass wasting is accompanied by physical weakness with prolonged physical rehabilitation and/or an increased likelihood of difficult weaning from the ventilator. The latter increases the risk of nosocomial infections such as pneumonia which in turn is responsible for further catabolism.
Stress is defined as the effects produced when a stressor (such as trauma, injury, and infection) acts upon a structure, system or organism. When stress occurs in quantities that the system cannot handle, it produces pathological changes, including muscle catabolism [2] . Thus stress level is the main modulator of the catabolic process, which drives the progression of malnutrition and leads to impaired functional status. To minimize muscle wasting therapy should aim at identifying the level of hormonal stress. Since nutritional support is one of the therapeutic strategies to limit catabolism, timely intervention that is proportional to the stress level is desirable. Patients with a low stress level probably require standard nutritional support only, and support can be delayed 3-5 days, as recommended by the ESICM [3] , but it should not be delayed in moderately and highly stressed patients with increased metabolic demands and compromised nutritional status. Early intervention in malnourished, elderly, and highly stressed patients is essential to prevent protein-energy malnutrition [4, 5] and major catabolism. The early detection of the stress level of ICU patients could prove valuable by allowing a timely intervention to promote anabolism and reduce catabolism.
Thus identifying hormonal stress is important. However, the tools necessary for the clinical evaluation of the stress level of ICU patients have so far not been defined. Traditionally, cortisol and glucagon have been used as indicators of hormonal stress. However, these measurements are complex, expensive, and not immediately available. For this reason we classified ICU patients into three stress categories (low, moderate, high) by using easily defined clinical parameters. We compared the clinical parameters to plasma hormone levels at admission and after 3 days in the ICU. The aim of this stress classification was to evaluate the level of catabolism without using labor-and cost-intensive investigations to determine whether nutritional support should be started early or later in moderately ill patients.
The aim of this prospective, blinded study was to evaluate whether the classification of patients as having low, moderate, or high stress levels based on easily obtainable clinical parameters is associated with the levels of catabolic (cortisol, glucagon) and anabolic hormones (growth hormone, GH); insulin-like growth factor 1, IGF-1; insulin). This is a pilot study that requires further validation.
Methods

Patients
The study was approved by the Ethics Committee of the Internal Medicine Department. All patients admitted to the medical ICU were considered for inclusion unless they presented with any of the following exclusion criteria: preexisting renal failure (serum creatinine ! 300 mmol/l), insulin-treated type 2 diabetes, pituitary, adrenal or thyroid insufficiency, and neuromuscular disease, including paralyzed patients. Patients who could not be included within 8 h after admission were also excluded. During a 1-month period 100 consecutive patients of 141 were included; 41 were excluded because they either did not meet inclusion criteria or they were not assessed within 8 h of admission to the ICU. Of the remaining 100 patients, 12 dropped out because of death (n=3), transfer to the surgical ICU or non-ICU ward (n=6) or missing values (n=3). The study thus included 88 evaluable (aged 17-84 years). The main clinical characteristics and diagnoses are presented in Table 1 . The stress-defined groups did not differ significantly in sex, age, body mass index, or standard blood chemistry test results. Of the patients in the high-stress group 74% were hospitalized because of septic shock, cardiac arrest, or acute respiratory distress syndrome. Moderate-stress patients were admitted to the ICU predominantly for respiratory insufficiency (73%). Low-stress patients were hospitalized mostly for myocardial infarction and angina (75%). A bed scale was used to determine body weight with a precision of €50 g and body height was measured with a precision of €0.5 cm. Patients received nutritional support (oral, enteral, parenteral) according to our standard ICU protocol. Nutritional intake was progressively increased according to predicted requirements and tolerance.
Clinical evaluation
Patients were included in the study within 8 h of ICU admission, when the initial assessment was made. A second evaluation was performed 72 h later. Clinical diagnosis on admission was recorded and clinical scoring of the hormonal stress level of the patients was performed by one of two authors (P.J. and J.C.C.), both senior certified ICU physicians. Both clinicians and laboratory techni- . Each of these items was assigned one point if present, none if absent. Hence the minimum score was 0, and the maximum 7.
These stress categories were based on the rationale of a known association of the various parameters with both severity of critical illness and increased metabolic demand. Changes in body temperature, heart rate, arterial pressure and respiratory rate are physiological parameters used to determine the Acute Physiology and Chronic Health Evaluation (APACHE) II score [7, 8] which have been validated as markers of the severity of critical illness. Likewise, infection [9] , physical agitation [10] , and administration of exogenous cathecholamines [11] have all been shown to increase metabolic activity in ICU patients. At our hospital none of the patients are intubated with etomidate, which is known to have an effect on the adrenal function in patients with septic shock. On the other hand, the levels of stress hormones decrease with sedation.
On the basis of the assigned points, patients were categorized into three groups: high stress, those with 4 points or more; moderate stress, 2 or 3 points; low stress, 1 point. APACHE II score was also calculated for all the patients [7] . In addition, all treatments (type, doses, and duration) were recorded.
Catabolic and anabolic hormones
Abnormal plasma levels (high cortisol and glucagon, GH, and insulin; low IGF-1) were used as reference method. Normal values were: insulin 5-18 mU/l; glucagon 42-111 ng/l; IGF-1, age-dependent; GH less than 10 g/l; cortisol 200-700 nmol/l. Plasma samples drawn from the indwelling radial artery catheter were prepared between 8 and 10 a.m. on days 0 and 3 and frozen at 30C for subsequent determinations of insulin (Imulite 2000 Insulin, Diagnostic Products), coefficient of variation (CV) intra-assay (8.3%) and interassays (8.6%); glucagon (RIA Linco Research), CV intra-assay (5.4%) and interassays (7.9%); IGF-1 (Nichols Institute Diagnostics), CV intra-assay (2.4%) and interassays (5.2%); GH (Imulite 2000 hGH, Diagnostic Products), CV intra-assays (4.6%) and interassay (5.7%); and cortisol (Imulite 2000 Cortisol), CV intra-assay (5.3%) and interassays (7.2%). Laboratory results for routine blood chemistry (e.g., glucose, sodium) were noted on a daily basis.
Statistical analysis
Results are expressed as mean €standard deviation for normally distributed parameters. The differences between stress groups analyzed by analysis of variance using Statview 5.0. Multiple comparisons were evaluated by Bonferroni's method. Nonnormally distributed parameters were expressed as median and range, and patient groups were compared using the Kruskall-Wallis test for overall analysis and Mann-Whitney nonparametric test for unpaired samples for intergroup analysis. Pearson's correlation coefficient values were determined between clinical stress category and hormone levels. Logistic regressions were used to estimate odds ratios (OR) for various stress categories. OR with 95% confidence intervals (CI) describe the magnitude of effects for each level of the study variable compared with the reference category. Statistical significance was set at p 0.05 for all tests. Table 2 shows that four patients classified as high stress on day 0 were classified as moderate stress on day 3 and four as low stress at day 3. One moderate stress patient was classified as high stress on day 3, and 15 moderate stress patients became low stress on day 3. None of the low stress patients at admission changed stress category on day 3. Serum glucose and osmolarity were significantly higher and serum protein was significantly lower in high-stress than in low-stress patients on days 0 and 3 (Table 3) . Serum potassium, blood urea nitrogen, and creatinine did not differ significantly between patient groups. 
Results
Patients
Plasma hormone concentrations
Insulin levels did not differ significantly between stress categories on days 0 or 3 (Table 4) . Glucagon, cortisol, and GH were higher and IGF-1 lower in high-stress than in low-stress patients (p<0.01; Table 4 ). Levels of these hormones were correlated with the clinical stress category (p<0.05; Table 5 ). Stepwise multiple regressions including age, cortisol, glucagon, IGF-1, GH, and insulin showed that cortisol and IGF-1 were significant predictors of the clinical stress category (p<0.001) and explained 27% of the variability. The prevalence of high glucagon and cortisol and low IGF-1 was significantly greater in high-stress than in low-stress patients. High-stress patients were more likely to have high glucagon (p<0.01) and cortisol (p<0.05) and low IGF-1 (p<0.01) levels than low stress patients (Table 6 ). Insulin and GH were not associated with high stress level.
Discussion
The results of this study show that moderate and severe stress is significantly associated with high catabolic (cortisol, glucagon) and low anabolic (IGF-1) hormone levels. We found a significant association between these hormone levels and seven routine clinical parameters (e.g., heart rate, fever, presence of infection), which suggests that the levels of hormonal stress in medical ICU patients can be estimated from simple clinical parameters during routine clinical evaluation.
Patient characteristics and stress category classification
The patient population represented a wide range of ages and included a representative sample of usual conditions found in medical ICU patients. The attending physician classified each patient included in the study protocol as having low, moderate, or high stress at the time of ICU admission and reclassified the patient after 3 days. The significant association between simple clinical parameters and catabolic (glucagon, cortisol) and anabolic hormone levels (IGF-1) suggests that the hormonal stress state of ICU patients can be determined by these simple clinical parameters. Rapid clinical assessment of stress state would be desirable in view of the poor clinical outcome in patients who have high hormonal stress levels and are malnourished at the same time [12] . Early detection of increased risk would permit timely clinical intervention in patients who are at high stress level or malnourished at the time of ICU admission. The aim of this stress classification was not to predict mortality, as with APACHE II or III scores, but to evaluate the relationship between stress and plasma hormonal stress. The stress classification allows the evaluation of the level of hormonal stress and thus catabolism and helps to identify patients needing early nutritional support without using labor-and cost-intensive investigations. Consequently the APACHE II or III scores and the stress classification do not have the same aim, are not intended to be used interchangeably, and cannot be compared.
Relevance of plasma hormone measurements for hormonal stress assessment Our goal was primarily to assess the degree of catabolism in ICU patients by a clinical stress category which was based on simple clinical parameters. The level of hormonal stress was assessed objectively by measuring plasma levels of stress hormones, as previously reported by others [13, 14, 15] . In hypermetabolic conditions glucocorticosteroids play a major role in the loss of body protein in acute catabolic disease by increasing proteolysis and amino acid oxidation and by decreasing the efficacy of insulin to suppress proteolysis [16, 17] .
Hypermetabolism and hypercatabolism are also mediated by proinflammatory cytokines, which have been shown to cause muscle protein breakdown. On the other hand, GH, IGF-1, and insulin levels have been shown to be correlated to decreased proteolysis and amino acid oxidation and to an increase in whole body protein synthesis [16, 17] . Therefore five of the most potent plasma hormonal factors which regulate protein metabolism (GH, IGF-1, insulin, cortisol, and glucagon) known to vary in response to hormonal stress were measured and compared in relation to clinical parameters. IGF-1, glucagon, and cortisol plasma levels were found to be better determinants of hormonal stress than GH, and insulin was not at all correlated with the three stress levels (Table 4) . Plasma cortisol levels increase with severity of stress [18] and has been shown to be the best hormonal predictor of the degree of lean body mass catabolism [19] . Cortisol is a major determinant in the hormonal stress, and glucocorticoid administration can influence plasma cortisol values. Six patients received 200-300 mg/day hydrocortisone (four high, one moderate, one low stress); seven received 100-200 mg/day (two high, four moderate, one low stress); and six received less than 100 mg/day (one high, four moderate, one low stress). We therefore performed a post-hoc analysis to exclude patients who received glu- cocorticoids either chronically or acutely (asthma, chronic obstructive pulmonary disease, n=19) but the predictive significance of the stress levels remained unchanged (data not shown). Although free cortisol appears to be a better marker of adrenal function in ICU patients with hypoproteinemia than total cortisol levels, as suggested by Hamrahian et al. [20] , total cortisol was measured as this still represents the reference method in routine clinical practice. Age and sex have recently been reported to influence plasma levels of IGF-1 in trauma patients and during the postoperative period [21] , but this was not found in our patients with a different type of stress (medical ICU). Our previous study of nonsurgical ICU patients observed wide variations in IGF-1 without any relationship to age and sex distribution [22] . These discrepancies may be related to confounding factors such as IGF-1 receptors and binding protein changes secondary to stress and which alter plasma availability of free IGF-1 [23] .
GH secretion during stress becomes erratic [24] , and plasma sampling results are influenced by timing [22] . Therefore we also measured 24-h urinary GH output in all patients with the hope of assessing overall GH secretion. The correlation between clinical stress category and urinary GH was poor (data not shown), and this further supports our observation that plasma GH is not associated with stress levels in medical ICU patients.
Study limitations
This is a pilot study, and our findings require further validation. The study was conducted in the medical ICU and included a typical case-mix for such a unit. Therefore any extrapolation to a general ward patient population remains speculative, given that these patients were not studied here. A limitation of the study is that the individual parameters included in the stress score were not documented, only the overall stress score. Therefore stepwise multiple regression analysis could not be performed to determine which parameters contributed significantly to the stress score. Future studies should include this analysis. Because patients with preexisting renal failure, insulin-treated type 2 diabetes, adrenal or thyroid insufficiency, and neuromuscular disease were excluded from the study, the applicability of the present stress categories in these patients remains to be determined. Glucose-containing nutritional support and DW5 perfusion alters insulin and glucagon plasma levels. In spite of this the correlation between anabolic or catabolic hormone levels and the clinical stress category remained similar. Measurement of 24-h urinary output of catecholamines, which was not performed, may have yielded additional information on stress level. However, the fact that most of the patients in the severe stress group received exogenous doses of catecholamines would have interfered with the interpretation of these results.
Conclusion
The clinical scoring of moderate and severe stress was significantly associated with high catabolic (cortisol, glucagon) and low anabolic (IGF-1) hormone levels. These results suggest that the level of hormonal stress in ICU patients can be estimated from simple clinical parameters during routine clinical evaluation. Since nutritional support is one of the therapeutic strategies to limit catabolism, its timely application in proportion to the stress level is desirable. Further research is necessary to determine whether this method facilitates the decision to implement nutritional support in ICU patients.
